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table S1. Xe isotopic composition of the kerogen isolated from the MGTKS3 black chert sample and from two Paleozoic—so comparatively  
younger—kerogens (an anthracite and a type III kerogen called Champclauson) by stepwise heating. Error bars are 2σ. The degree of mass fractionation  
of Xe isotopes released from the MGTKS3 kerogen relative to modern atmosphere is given in ‰.u-1 for each extraction step.  
 
MGTKS3 
#1 
124Xe +/- 126Xe +/- 128Xe +/- 129Xe +/- 131Xe +/- 132Xe +/- 134Xe +/- 136Xe +/- [130Xe] +/- δXeair +/- 
130Xe mol.g-1  (‰.u-1) 
350°C 0.0240 0.0006 0.0222 0.0005 0.4800 0.0053 6.5267 0.0431 5.1917 0.0340 6.5026 0.0433 2.5067 0.0149 2.1122 0.0133 1.24E-14 1.06E-16 -6.0 3.3 
800°C 0.0243 0.0003 0.0226 0.0003 0.4799 0.0036 6.5239 0.0230 5.1701 0.0178 6.5126 0.0217 2.5135 0.0091 2.1089 0.0102 4.12E-14 2.33E-16 -8.7 2.1 
1200°C 0.0227 0.0034 0.0201 0.0028 0.4581 0.0245 6.3999 0.2108 5.0168 0.1589 6.4247 0.2080 2.4850 0.0752 2.1576 0.0783 2.43E-16 1.15E-15 -0.5 76 
                   
  
MGTKS3 
#2 
124Xe +/- 126Xe +/- 128Xe +/- 129Xe +/- 131Xe +/- 132Xe +/- 134Xe +/- 136Xe +/- [130Xe] +/- δXeair +/- 
130Xe mol.g-1  (‰.u-1) 
T°C amb 0.0280 0.0073 0.0291 0.0066 0.4322 0.0468 6.7227 0.6529 5.4248 0.5786 6.8858 0.5756 2.6112 0.2333 2.2970 0.2438 3.04E-17 3.33E-15 8 170 
200°C 0.0246 0.0027 0.0233 0.0022 0.4737 0.0199 6.6123 0.1840 5.2683 0.1358 6.6366 0.1622 2.5689 0.0544 2.1486 0.0584 6.89E-16 8.62E-16 -3.0 14 
500°C 0.0243 0.0003 0.0225 0.0005 0.4803 0.0025 6.5214 0.0281 5.1489 0.0238 6.4913 0.0322 2.4983 0.0114 2.0962 0.0119 3.77E-14 3.23E-16 -9.8 2.1 
800°C 0.0242 0.0005 0.0224 0.0004 0.4823 0.0036 6.5354 0.0336 5.1829 0.0260 6.5138 0.0323 2.5056 0.0180 2.1055 0.0140 1.07E-14 1.57E-16 -8.7 8.1 
1200°C 0.0233 0.0022 0.0239 0.0021 0.4734 0.0137 6.5213 0.1194 5.1993 0.0842 6.5224 0.1239 2.5394 0.0564 2.1238 0.0521 9.05E-16 6.30E-16 -5.9 9.7 
 
 
 
124Xe +/- 126Xe +/- 128Xe +/- 129Xe +/- 131Xe +/- 132Xe +/- 134Xe +/- 136Xe +/- [130Xe] +/- 
  130Xe mol.g-1  
Champ. 200°C 0.0234 0.0004 0.0220 0.0004 0.4730 0.0021 6.4957 0.0221 5.2243 0.0163 6.6009 0.0210 2.5646 0.0094 2.1824 0.0073 5.97E-14 3.46E-16 
 500°C 0.0237 0.0003 0.0216 0.0003 0.4719 0.0037 6.5065 0.0311 5.2076 0.0272 6.6056 0.0303 2.5666 0.0124 2.1815 0.0115 3.16E-12 2.87E-14 
 800°C 0.0227 0.0004 0.0213 0.0005 0.4679 0.0022 6.4925 0.0238 5.2390 0.0202 6.6624 0.0229 2.6023 0.0090 2.2277 0.0102 1.04E-12 6.26E-15 
 1200°C 0.0225 0.0021 0.0202 0.0018 0.4627 0.0162 6.4044 0.1155 5.1117 0.0948 6.4950 0.1113 2.5523 0.0443 2.1473 0.0489 8.27E-16 6.55E-16 
Anthr. 200°C 0.0233 0.0004 0.0218 0.0003 0.4744 0.0033 6.5267 0.0354 5.2290 0.0268 6.6341 0.0311 2.5639 0.0156 2.1673 0.0115 5.51E-14 5.37E-16 
 500°C 0.0233 0.0004 0.0217 0.0004 0.4706 0.0031 6.5034 0.0252 5.2174 0.0196 6.6082 0.0245 2.5606 0.0109 2.1702 0.0095 1.75E-12 1.07E-14 
 800°C 0.0235 0.0004 0.0219 0.0004 0.4729 0.0033 6.4949 0.0280 5.2399 0.0224 6.6309 0.0288 2.5751 0.0125 2.1919 0.0102 3.87E-13 2.87E-15 
 1200°C 0.0230 0.0003 0.0215 0.0004 0.4704 0.0028 6.4845 0.0257 5.2260 0.0209 6.6413 0.0276 2.5824 0.0099 2.2040 0.0091 8.86E-14 4.74E-16 
 
  
 
table S2. Kr isotopic composition of the kerogen isolated from the MGTKS3 black chert sample by 
stepwise heating. Error bars are 2σ. Note that our calibration standard for the Kr abundance is not 
well calibrated and so Kr concentrations are only indicative, although the Kr isotope compositions are 
accurate. 
 
MGTKS3 
#2 
80Kr +/- 82Kr +/- 83Kr +/- 86Kr +/- [84Kr] +/- δKrair +/- 
84Kr indicative (mol.g-1) (‰.u-1)      
T°C amb 0.0417 0.0029 0.1960 0.0103 0.2015 0.0089 0.3092 0.0108 1.52E-15 1.27E-16 0.4 11 
200°C 0.0393 0.0011 0.2009 0.0035 0.2006 0.0038 0.3009 0.0048 1.71E-14 3.88E-16 -0.3 4.2 
500°C 0.0399 0.0003 0.2019 0.0012 0.2014 0.0012 0.3043 0.0016 3.50E-13 3.26E-15 -1.08 1.40 
800°C 0.0396 0.0006 0.1987 0.0021 0.2001 0.0016 0.3002 0.0028 6.00E-14 1.18E-15 4.25E-5 1.2E-2 
1200°C 0.0396 0.0008 0.1993 0.0029 0.1994 0.0031 0.3034 0.0040 2.22E-14 6.32E-16 1.2 7.6 
 
 
 
table S3. Ar isotopic composition of the kerogen isolated from the MGTKS3 black chert sample by 
stepwise heating. Error bars are 2σ. 
 
MGTKS3 
#1 
38Ar +/- 40Ar +/- [36Ar] +/- 
36Ar mol.g-1    
350°C 0.1895 0.0011 867.13 3.85 8.05E-13 5.10E-15 
800°C 0.1895 0.0011 1407.57 8.16 1.03E-12 7.97E-15 
1200°C 0.1878 0.0018 326.50 1.08 1.78E-13 1.03E-15 
       
MGTKS3 
#2 
38Ar +/- 40Ar +/- [36Ar] +/- 
36Ar mol.g-1  
T°C amb 0.1969 0.0049 325.71 3.44 2.49E-14 3.05E-16 
200°C 0.1840 0.0046 815.88 6.31 6.94E-14 6.38E-16 
500°C 0.1919 0.0013 1517.57 9.35 1.08E-12 8.41E-15 
800°C 0.1877 0.0039 2272.20 44.48 1.32E-13 2.69E-15 
1200°C 0.1904 0.0019 362.82 1.55 3.32E-13 2.10E-15 
 
  
  
fig. S1. Fission spectrum of MGTKS3 kerogen Xe corrected for mass fractionation relative to U-Xe. 
(A) Isotopic spectrum of the terrestrial atmosphere (purple line) and of Xe in the kerogen isolated 
from the black chert sample (grey line) relative to the isotopic composition of U-Xe (1). Once 
corrected (grey dotted line) for a mass dependant fractionation (MDF) relative to U-Xe, the isotopic 
composition of the Archean kerogen exhibits 131-136Xe excesses that can be compared to the fission 
spectra of 244Pu and 238U, respectively (B). These are compatible with the presence of products from 
the spontaneous fission of 238U (blue line) but not from those of 244Pu (green line). The fission spectra 
for fission of 238U and 244Pu are from a compilation in (25). Errors are 2σ. 
  
  
 
fig. S2. Comparison of power law/exponential law fit of the literature data [see the study of Avice 
et al. (2) and references therein] on the evolution of atmosphere Xe isotope fractionation over 
geological periods of time. The choice of a power law is motivated by several arguments that are 
developed in the main text of this contribution, although several unresolved questions linger. We 
note here that a better match of the initial U-Xe composition (1, 6) is obtained when fitting the 
literature data with a power law (red full line) relative to an exponential law fit (green dashed line). 
Nevertheless, the choice of one or another would not significantly affect the model age of a kerogen 
given by this method up to 3.3 Ga. Shifting the exponential law to fit the U-Xe end-member (blue 
dots) moves the exponential fit curve aside from the trend depicted by the literature data, which 
reinforces the choice of a power law as the best fit. Using this exponential law fitting U-Xe would 
provide ages older than the host rock, which is unreasonable. The power law equation gives an age 
of 2.98−0.21
+0.17 Ga (2σ) for the silica-embedded kerogen, thus proving a model age of 3.0 ± 0.2 Ga (2σ). 
Power law equation: y=0.238*x3.41; Exponential law equation: y=0.1179*exp(1.4518*x); Exponential 
law fitting U-Xe equation: y=0.21*exp(1.1584*x).  
 
